Based on an example of a project in Tangshan, the high-rise buildings are built in karst area and mined out affected area which is treated by high pressure grouting, and foundation is adopted the form of pile raft foundation. By long-term measured settlement of high-rise buildings, It is found that foundation settlement is linear increase with the increase of load before the building is roof-sealed, and the settlement increases slowly after the building is roof-sealed, and the curve tends to converge, and the foundation consolidation is completed. The settlement of the foundation is about 80% -84% of the total settlement before the building is roof-sealed. Three layer BP neural network model is used to predict the settlement in the karst area and mined affected area. Compared with the measured data, the relative difference of the prediction is 0.91% -2.08% in the karst area, and is 0.95% -2.11% in mined affected area. The prediction results of high precision can meet the engineering requirements.
the building, the load also increases, and the foundation is prone to uneven settlement. In order to ensure the safety of the building, the use of modern information equipment to monitor the settlement of the foundation and the collected data analyzed for future settlement prediction are important parts of engineering construction indispensable under complicated geological conditions [1] [2] .
There are many methods for predicting the settlement of foundation, which can be reduced to two kinds. One is a purely theoretical method of calculation, which is more difficult to predict when calculating the relevant parameters. The other is the prediction method based on measured data, the method to establish the model with the measured data, the prediction results of higher accuracy, such as regression analysis, time series method, hyperbola method, grey theory method, artificial neural network method [3] .
The construction in complex geological conditions of the high-rise buildings, because the underground situation is unknown, leading to many parameters difficult to define, coupled with its perplexing changes, and it is difficult to give a mathematical formula for each stage of the construction, but due to the influence of human factors, in various stages of settlement monitoring will have errors, these with the increase of time continuous superposition error. If the prediction model cannot eliminate the human error and the system error in the observation result, the result will be very different from the actual situation. For the prediction of settlement data of high-rise building foundation under complicated geological conditions, BP neural network has its unique advantages, the traditional function of the independent variables can be used as the inputs of the model, and the traditional function of the dependent variable can be used as the output of the model, and this function is transformed into multi dimensional nonlinear mapping, through the network like the brain the information processing process of parallel processing, will not affect the results of the whole small part because the loss of data. The network contact between the contact behavior between the simulated brain neurons, adaptive, self-organizing and selflearning characteristics, error information can eliminate the settlement monitoring results in the continuous learning of the correct information simulation, through the simulation to predict the future settlement [4] [5] .
A neural network consists of a large number of neurons interconnected by certain rules. The interaction between neurons connection to play the role of information processing, distributed information and knowledge reserves by neurons, automatic change of weight in neural network is the core part of the whole network, through the network automatically changing the weights, until it reaches the desired output. Its basic characteristics are: nonlinear function's extreme approximation, fault tolerance, learning adaptability and parallel processing [6] .
Rumelhart and McCelland [7] in the writings for the first time proposes the error back-propagation algorithm, this algorithm called BP algorithm, which is three layer feed-forward neural network BP the typical network consists of input layer, hidden layer and output layer three components. Between the adjacent layers, the neurons are all connected, the neurons of the same layer are not connected, and the information is transmitted between neurons. BP neural network learning mode is divided into supervised learning and unsupervised learning mode in supervised learning mode, the relationship between output by the instructor to set expectations and the information into the network is composed of input layer, processing only plays the role of input layer's data transfer, the data from the hidden layer after training, data import and output layer, output data and mentor the expectations set the difference for output error, if the output data does not meet the expectations of the mentor is to reverse error to the input layer, the network will automatically adjust the weights and thresholds for training the data again, stop the iteration error until the wireless approaches 0.
The final output data meets the requirements [8] [9] [10] .
Based on the Tangshan A plaza including A tower in karst area and E4 highrise residential building in the mined out affected area. Combined with their long-term measured settlement data, analysis of building foundation settlement rule, and establish the BP neural network prediction model, to predict the foundation settlement.
Model Establishment
Three layer feed-forward BP neural network prediction model is adopted, and the learning steps of the network are as follows: [11] [12]
Node Output
Middle layer node operation formula:
Output layer node operation formula:
where, f is a nonlinear function; q is the neuron threshold; ij w is the connection weight of the j th neuron and the i th neuron; i x is the input values; jk w is the connection weight of the k th neuron and the j th neuron.
Transfer Function
The transfer function, also known as the stimulus function, is the stimulus intensity between the feedback layer and the layer node. In the (0, 1) continuous value, the Sigmoid function is one of the most commonly used transfer functions. The formula is as follows:
Operational Error
The difference between the output of the output layer and the expectation is the error of the network. The formula is as follows:
where, pi t is the expected output value of the i node; pi O is the i node that calculates the output value.
Self-Learning Process
Through error back propagation, the network adjusts the weights and thresholds of each layer automatically, and the error continues to decrease until the infinity tends to 0. The process is called self learning process:
where, η is learning factor; i φ is calculation error of output node i; j O is calculated output value of output node j.
Settlement Analysis
A square in Tangshan is located in Lunan District of Tangshan City. The area includes karst development, goaf wave and seismic fracture zone. According to the engineering characteristics and physical and mechanical properties of the soil layer, the soil layer in the field area can be divided into 14 layers from top to bottom (as shown in Table 1 ).
The A tower is in karst area, underground karst develops. The main building is 23 storey frame shear wall structure, the underground two layers are underground garage and the frame structure. From April 2010 to July 2011, during the period, a total of 18 monitoring were conducted, the accumulation settlement data of eight settlement observation points of the high building was obtained. E4
building is adjacent to the former site of Fengnan coal mine. It is affected by the influence of mined out area. E4 high-rise residential buildings is a 34 storey shear wall structure, and the underground two layer is an underground garage.
From March 2010 to May 2011, during the period, a total of 30 monitoring were conducted, the accumulation settlement data of eight settlement observation points of the high building was obtained. The P-v-t curves are shown in Figure 1 and Figure 2 . 2) A tower and E4 high-rise residential building, the monitoring points are basically the same trend, no more than the standard allowed uneven settlement occurred. The pile raft foundation has good applicability in the mined out area of the karst area after grouting treatment. It can basically eliminate the adverse effects of the mined out area on the ground.
3) The total settlement of the A tower at each settlement observation point is 81% -83% of the total settlement, and the accumulated settlement accounts for 17% -19% of the total settlement after the cap is completed. Before the settlement of the E4 high-rise residential building, the accumulated settlement accounts for 82% -83% of the total settlement, and the accumulated settlement accounts for 18% -19% of the total settlement. Most of the settlement of the foundation occurred before loading.
4) From the P-s-t curve of A tower and E4 high-rise residential buildings can
be seen in stories with the increase of load settlement is increasing linearly, constant load after the cap, the settlement curve increased slowly convergent, complete consolidation. 
Settlement Prediction
The maximum cumulative sedimentation rate of point 16 is chosen as the settlement prediction. The cumulative sedimentation value of the original observations is shown in Table 2 . This section takes the most representative of the cumulative settlement of the cumulative settlement of point 27 as the case analysis. The cumulative settlement value of the observed cumulative settlement is shown in Table 3 .
Settlement Data Processing and Prediction in Karst Area
For the measured settlement data of karst area foundation, selects 18 issues of settlement observation data in the first stage 8 data as the analysis sample, predict 10 period after sedimentation value, the predicted results with 10 phase of the measured data, after discussing the model accuracy. The predictions are shown in Table 4 and Figure 3. 
Settlement Data Processing and Prediction in Mined Out Area
The 30 issue of settlement observation data is selected in the first 20 period as the training sample data, to predict the settlement of 10 period, the 10 period after prediction results and the measured data, the prediction results are shown in Table 5 and Figure 4 . Figure 3 . The prediction curve of the point 16 observation curve and the measured graph. Figure 4 . The prediction curve of the point 27 observation curve and the measured graph. Table 4 and Figure 3 show, predicting curve fitting degree is higher, predicted values and measured values is relatively close, and the maximum value of the relative difference is 1.92%, the minimum value of the relative difference is 0.91% in the karst area. Table 5 and Figure 4 show, predicting curve fitting degree is higher, predicted values and measured values is relatively close, and the maximum value of the relative difference 1.88%, the minimum value of the relative error is 0.95% in mined out affected area. The late prediction difference is more common than previous predicts, shows that the precision of the model as time growth will reduce, so the BP neural network prediction model in the prediction of subsidence in the short term advantages are more obvious.
Result Analysis

Conclusions
1) A tower and E4 high-rise residential building, the monitoring points are basically the same trend, no more than the standard allowed uneven settlement occurred. The pile raft foundation has good applicability in the mined out area of the karst area after grouting treatment. It can basically eliminate the adverse effects of the mined out area on the ground.
2) The cumulative sedimentation of a tower settlement is 81% to 83% of the total settlement. The cumulative settlement volume of E4 high-rise residential buildings is 82% to 83% of the total settlement. Most ground subsidence occurs during loading in front of the cap.
3) Three layer feed forward BP neural network prediction models are adopted to predict foundation settlement prediction in the karst area and mined out affected area in high-rise buildings. The predicting results are close to the meas-ured values and the difference between 1% and 2%. So the predicting model can be applied in high-rise building foundation settlement analysis and prediction.
4) The BP neural network prediction model will be more advantageous in the short-term settlement prediction, as the model of the growth model becomes less accurate over time.
